The existence of intruder states in light neutron-rich unstable nuclei is often considered to be evidence for one or morehω configurations in the low-lying states around the psd shell. The ground state of 11 Be is 1/2 + which is lower in energy by 0.3 MeV than the 1/2 − state [1] . In 12 Be, there is a 1 − intruder state at 2.7-MeV excitation energy [2] . The energies of these low-lying, nonnormal parity states indicate 1hω configurations. Furthermore, the presence of low-lying 2 + 1 [3] and 0 + 2 [4, 5] states in 12 Be suggests a 2hω configuration.
Three theoretical interpretations have been proposed for these one or morehω configurations in the low-lying states of neutron-rich unstable nuclei: (1) the monopole interaction of the tensor force [6] , (2) the loosely bound nature of some orbitals [7] , and (3) nuclear deformation [5, 8, 9] . In Ref. [6] ,the effective interaction was determined so that the model reproduces the energy levels in light, neutron-rich nuclei including intruder states, and the importance of monopole interaction due to the tensor force was pointed out. Reference [7] discusses the fact that in the psd shell, the 2s 1/2 orbital gains its energy relative to the other orbitals due to its loosely bound nature. The non-zero 2 hω configurations can also be intuitively explained by the deformed mean field picture. As seen in the Nilsson diagram, the gap becomes smaller with increasing deformation [5, 8, 9] . Since the combination of these effects, which are provided by their corresponding theoretical models, changes the neutron shell structure in neutron-rich nuclei, such as 11, 12 Be, the relative importance of the three theoretical approaches has not been clarified.
For the proton shell in light neutron-rich nuclei, the effects due to the tensor force and the loosely bound nature of the orbitals are expected to be small since the νp 1/2,3/2 orbitals are fully filled and the proton(s) are deeply bound.
However, deformation is still presumed to affect the proton shell structure.
Proton intruder states are, therefore, signatures for the importance of deformation. In the present study, we focus on the proton shell structure in the N = 8 nucleus 13 B by investigating the proton single-particle states.
In order to investigate the proton single-particle states in 13 B, we used the (α, t) reaction on 12 Be in inverse kinematics. This process at an intermediate energy has a relatively large cross section since the proton to be transferred is deeply bound in the α particle and, thus, has high-momentum components, which reduce the effect of the momentum mismatch of the (α,t) reaction [10] .
The experiment was performed at the RIKEN Accelerator Research Facility. [12] . The incident particles were identified on an event-by-event basis using the measured time- The outgoing particles were identified on an event-by-event basis using the measured time-of-flight and the energy deposited in the ∆E and E layers.
The mass distribution for the Z = 5 particles is shown in Fig. 1 ; the mass resolution (δA) was determined to be ∼0. 25 . The de-excitation γ rays were detected by an array of germanium detectors:
Gamma-Ray detector Array with Position and Energy sensitivities (GRAPE) [14] .
This consisted of 6 germanium detectors located at 140
• with respect to the beam axis. Each detector contains two cylindrical crystals 6 cm in diameter and 2 cm thick, with a common anode between them. The each cathode attached to each crystal is segmented into a 3 × 3 matrix. The GRAPE provides position information of the γ-ray interaction point, which is extracted from a pulse shape analysis of the signal from the cathode [14, 15] . The intrinsic energy resolution and the full energy peak efficiency were typically 2.7 keV (FWHM) and 0.4%, respectively, for 1332-keV γ rays from a 60 Co standard source. The energy resolution after correcting for the Doppler shift was deduced to be 1.3% (FWHM) for 2.1-MeV γ rays, corresponding to the decay of the first 2 + state of 12 Be moving with 30% the light velocity. The excited states of 13 B populated in the reaction were identified by measuring the energy of the de-excitation γ rays. Other significant transitions including those between the excited states were not observed in the present measurement. In the figure, hatched areas show the response functions of the GRAPE for the de-excitation γ rays obtained by means of a Monte Carlo simulation using the GEANT4 code [16, 17] and for the background γ rays. The background was assumed to consist of two components, the natural background γ rays, estimated by putting the gate in the non-prompt region of the time spectrum of the GRAPE, and the γ rays from the isomer state of 12 Be, which were simulated by assuming a life time of 331 ns [5] . The ratio of the isomer state to the ground state in the secondary beam was less than 2 percent at the secondary target. In the simulations, all the resolutions of the detectors associated with the correction for the Doppler shift were taken into account. The intensity of each decay to the ground state was deduced by fitting the experimental spectrum with the sum of the response functions and the background. Assuming no cascade decay, the derived relative intensities of the observed γ rays from the known excited states are shown in Table 1 , together with the previously reported data including two neutron transfer [18] , neutron knockout [19] , β-decay followed by neutron decay [20] , and multi-nucleon transfer [21] . In the present reaction, the excited state at 4.83 MeV is strongly populated relative to the other excited states, while it is less excited in the other reactions except for the multi-nucleon transfer reaction which is expected to populate proton excited states. Considering the selectivity of the proton transfer reaction, it is conceivable that the 4.83-MeV excited state is of proton single-particle nature.
In order to determine the angular differential cross section of the 4 He( 12 Be, 13 B * )
reaction, individual γ-ray spectra with 0.5-degree-scattering-angle cuts were fitted with the same response functions and background described above, and they were analyzed to deduce the populations. Figure 3 approximations (DWBA), calculated with the DWUCK5 code [22] . The optical potentials for the entrance and exit channels were obtained by adopting a single folding model used in Ref. [23] . The density distribution of 12 Be for the folding is calculated by using the mean field calculation code, TIMORA [24, 25] .
The density distribution of 13 B is assumed to be the same as that of 12 Be with R( 13 B)/R( 12 Be) = (13/12) 1/3 . For the entrance channel, the depth of the imaginary potential is adjusted so as to represent the inelastic scattering data that it is a proton intruder state from the sd shell. The spectroscopic strength C 2 S was deduced to be 0.20 ± 0.02, where S is a spectroscopic factor and C 2 is an isospin Clebsch-Gordan coefficient. The systematic errors of the C 2 S due to the choice of the optical potentials in the DWBA calculation and to the geometrical uncertainty of the GRAPE in the simulation were evaluated to be 50% and 10%, respectively. The former one is obtained from the difference between the folding model and a separate calculation using a global optical potential for 12 C in Ref. [26, 27] . In the absolute magnitude of the differential cross section, there is no ambiguity originated from cascade decays to or from the 4. There are few theoretical predictions for 13 B. In Ref. [19] , the result of a shell model calculation for 13 B has been shown, however, the calculation is performed from the viewpoint of the neutron structure. Focusing on the proton shell structure, we performed a shell model calculation for 13 B( ] orbital. Hence, the low excitation energy of the 1/2 + state suggests a deformed mean field. Since the proton is transfered to the [220 ] orbital, e.g. S = 0.273 at δ = 0.4 [8] , may also reproduce the experimental result.
Based on the discussion above, the 1/2 + intruder state at 4.83 MeV is a signature of a deformed field and indicates the importance of a deformation in this nuclei. On the other hand, the ground state of 13 B is supposed to be spherical with a normal p-shell configuration [29] . The excitation of only one proton thus changes the structure of the nucleus.
Recently an AMD calculation related to the experimentally assigned 1/2 + state of 13 B was carried out by Kanada-En'yo et al [30] . The calculation pre-9 dicts a largely deformed 1/2 + 1 state with proton 1hω excitation and neutron 2hω excitation. In the excited state, the last proton occupies a molecular σ orbital which has a density distribution similar to the [220 See the text for more detail including the optical potentials. Table 1 List of the relative populations of the excited states. 
